SPECIFICATION 

INSPECTION DEVICE 
Technical Field 

[0001] The present invention relates to an inspection device for 
5 performing inspection, such as determination on authenticity or 

denominations of banknotes, chits and the like passing on a conveyance 
path. 

Background Art 

[0002] One of the known inspection device for inspecting sheets 
10 such as banknotes is an apparatus provided with a photosensor for 

measuring reflection on surfaces of the sheets, and an illumination 
portion for illuminating the sheets with light, and arranged to 
discriminate denominations or authenticity of the sheets, for example, as 
described in Patent Document 1 . 
1 5 Patent Document 1 : Japanese Patent Application Laid-Open No. 2002- 

74450 

Disclosure of the Invention 

Problem to be Solved by the Invention 

[0003] In recent years, the banknotes and others are sometimes 
20 provided with two or more types of characteristic patterns for security, 

as countermeasures against forgery of the banknotes, stock certificates, 
and so on. In this case, it is necessary to accurately discriminate such 
characteristic patterns and to perform the denomination determination or 
authenticity determination of the banknotes and others with high 

25 accuracy. 

[0004] An object of the present invention is to provide an 
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inspection device capable of achieving improvement in accuracy of 
recognition of an object. 
Means for Solving the Problem 

[0005] The present invention is an inspection device for inspecting 
5 an object passing on a conveyance path, comprising: an illumination 

portion for illuminating the object with light in a plurality of wavelength 
bands; at least one light-receiving and detecting element for receiving 
light generated from the object; and a discrimination processing portion 
for discriminating the object by combining data of a plurality of 

10 detection signals obtained by the light-receiving and detecting element 

which receives the light generated from the object substantially within 
an identical period of time when the illuminating portion illuminates the 
object with the light in the plurality of wavelength bands, and by 
comparing and collating combined data with preset reference data. 

15 [0006] In this inspection device, when the object passing on the 

conveyance path arrives at a predetermined location, the illumination 
portion illuminates the object with the light in the plurality of 
wavelength bands and the light-receiving and detecting element receives 
the light generated from the object upon the illumination. The object 

20 generates lights different corresponding to the light beams in the 

plurality of wavelength bands emitted from the illumination portion. 
For this reason, the detection signals by the light-receiving and 
detecting element are a plurality of detection signals corresponding to 
the light beams in the plurality of wavelength bands. Since these 

25 detection signals are signals obtained by receiving the light generated 

from the object substantially within an identical period of time upon 
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irradiation of the object with the light beams in the plurality of 
wavelength bands, they are detection signals from one arbitrary region 
of the object. Then the discrimination processing portion performs the 
discrimination process of the object by generating the combined data 
from the plurality of detection signals and by comparing and collating 
the combined data with the reference data. When the apparatus is 
constructed by adopting this technique and when the apparatus is 
applied, for example, to a case where the object is provided with two or 
more types of characteristic patterns to generate a plurality of light 
components in different wavelength bands with reception of the light 
emitted from the illumination portion, the apparatus is able to accurately 
discriminate these characteristic patterns even in that case. This 
improves the accuracy of recognition of the object. 
[0007] Preferably, the discrimination processing portion obtains, 
as the combined data, a ratio of a plurality of detected values obtained 
by the light-receiving and detecting element which receives the light 
generated from the object substantially within an identical period of 
time when the illuminating portion illuminates the object with the light 
in the plurality of wavelength bands. If vertical motion (conveyance 
fluttering) of the object occurs during passage of the object on the 
conveyance path, the illumination position on the object upon 
irradiation of the object with the light from the illumination portion will 
deviate in the height direction, so as to cause variation of values 
detected by the light-receiving and detecting element. However, even 
if the conveyance fluttering of the object occurs, the plurality of 
detection signals corresponding to the light beams in the plurality of 



wavelength bands are those detected in a state in which the object is 
located substantially at the same conveyance height position, when the 
light-receiving and detecting element receives the light generated from 
the object, substantially within the identical period of time. On the 

5 other hand, the ratio of the plurality of detected values obtained by 

receiving the lights generated from the object, substantially within the 
identical period of time by the light-receiving and detecting element is 
always almost constant, irrespective of the conveyance height position 
of the object. Therefore, with focus on this point, the ratio of the 

1 0 plurality of detected values is used as the combined data, whereby the 

discrimination of the object can be performed, without being affected by 
the variation of the detected values by the light-receiving and detecting 
element, even if the conveyance fluttering of the object occurs. This 
further improves the accuracy of recognition of the object. 

1 5 [0008] Preferably, the illumination portion includes a plurality of 

light sources for emitting light beams in different wavelength bands, 
and a lighting control portion for performing control to light each of the 
light sources while individually switching the light sources. In this 
configuration, the plurality of light sources are lighted while being 

20 switched at high speed, and one light-receiving and detecting element 

receives lights generated from the object upon the lighting, in order, 
whereby the apparatus is able to securely receive substantially within 
the identical period of time the lights generated from the object upon the 
irradiation of the object with the light beams in the plurality of 

25 wavelength bands. In this case, the apparatus needs only one light- 

receiving and detecting element to be used, and it is thus feasible to 
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achieve reduction of cost of parts. 

[0009] The illumination portion may include a plurality of light 
sources for emitting respective light beams in different wavelength 
bands, and a plurality of light-receiving and detecting elements may be 
separately provided to receive light generated from the object in 
correspondence to the respective light sources when the object is 
illuminated with the light beams from the respective light sources. In 
this configuration, for example, when the object passing on the 
conveyance path arrives at a predetermined location, all the light 
sources are constantly kept lighting. Then the separate light-receiving 
and detecting elements receive at the same timing the respective lights, 
corresponding to the respective light sources, generated from the object 
at that time, whereby the apparatus is able to securely receive 
substantially within the same period of time the lights generated from 
the object upon irradiation of the object with the light beams in the 
plurality of wavelength bands. In this case, it becomes feasible to 
achieve reduction in influence of noise produced upon lighting of the 
light sources and to stabilize the light emission levels of the light 
sources. In addition, it is easy to perform the control of lighting of the 
light sources. 

[0010] In this connection, the device further comprises optical 
filters each of which is disposed between the conveyance path and each 
light-receiving and detecting element, and each of which is configured 
to transmit only a certain light component among light components with 
a plurality of features generated from the object when the object is 
illuminated with the light from each light source. In this case, the 



apparatus is able to prevent a light component with the same feature 
generated from the object, from entering the plurality of light-receiving 
and detecting elements. Since this securely suppresses crosstalk of 
light for each light-receiving and detecting element even in the case 
where the plurality of light-receiving and detecting elements are 
arranged in proximity in order to achieve miniaturization or the like of 
the inspection device, each light-receiving and detecting element can be 
prevented from receiving an unwanted light component as noise. The 
light components with features generated from the object include a 
fluorescent component generated upon irradiation of the object with 
ultraviolet light, a reflected component upon irradiation of the object 
with infrared light, and so on. 

[0011] Furthermore, preferably, the plurality of light sources 
include a first light source for emitting ultraviolet light, and a second 
light source for emitting infrared light. This configuration permits the 
apparatus to detect a level of fluorescence generated in the object upon 
irradiation of the object with ultraviolet light, and a level of infrared 
light reflected on the object upon irradiation of the object with infrared 
light. 

[0012] In this connection, an ultraviolet removing filter is 
preferably disposed between the conveyance path and the light- 
receiving and detecting element and is configured to remove the 
ultraviolet light emitted from the first light source. This permits the 
apparatus to prevent the ultraviolet light emitted from the first light 
source, from entering the light-receiving and detecting element, as 
noise. 



[0013] In addition, preferably, an ultraviolet-infrared transmitting 
filter is disposed between the conveyance path, the first light source and 
the second light source, and is configured to remove a visible light 
component in the ultraviolet light emitted from the first light source and 
5 to transmit the infrared light emitted from the second light source. 

This permits the apparatus to prevent the visible light component in the 
ultraviolet light emitted from the first light source, from entering the 
light-receiving and detecting element, as noise. 

[0014] Furthermore, preferably, the plurality of light sources 
10 include a first light source for emitting ultraviolet light, a second light 

source for emitting infrared light, and a third light source for emitting 
green light. This permits the apparatus to achieve improvement in the 
accuracy of recognition of the object because a detection signal upon 
irradiation with the green light is also added to the discrimination of the 
15 object. 

Effect of the Invention 

[0015] The present invention enables accurate recognition of 
authenticity or the like of the object passing on the conveyance path. 
This enables the apparatus to well handle even highly accurately forged 
20 objects. 

Brief Description of the Drawings 

[0016] Fig. 1 is a configuration diagram showing a first 
embodiment of an inspection device according to the present invention. 
Fig. 2 is a horizontal sectional view of a housing shown in Fig. 1 . 
25 Fig. 3 is a diagram showing functional blocks of a control unit 

shown in Fig. 1 . 
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Fig. 4 is a chart showing lighting timings of two light sources 
shown in Fig. 2. 

Fig. 5 is a flowchart showing a detailed processing procedure of a 
discrimination processing portion shown in Fig. 3. 
5 Fig. 6 is a drawing showing modeled diagrams of output value 

data from a photosensor obtained by receiving light upon irradiation of 
a banknote with light from the two light sources shown in Fig. 2, and 
output ratio data of the photosensor. 

Fig. 7 is a configuration diagram showing a second embodiment 
10 of an inspection device according to the present invention. 

Fig. 8 is a horizontal sectional view of a housing shown in Fig. 7. 

Fig. 9 is a sectional view along line IX-IX in Fig. 8. 

Fig. 10 is a diagram showing functional blocks in a control unit 
shown in Fig. 7 . 

1 5 Fig. 1 1 is a chart showing lighting timings of two light sources 

shown in Fig. 8. 

Fig. 12 is a flowchart showing a detailed processing procedure of 
a discrimination processing portion shown in Fig. 10. 

Fig. 13 is a drawing showing an example of output data from 
20 photosensors actually obtained by receiving light upon irradiation of a 

banknote with light from two light sources, and an example of output 
ratio data from the photosensors. 

Fig. 14 is a horizontal sectional view of a housing in an 
inspection device of another embodiment. 
25 Description of Reference Symbols 

[0017] 1 inspection device; 2 conveyance path; 3 banknote 
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(object); 7 sensor unit; 8 control unit; 12A light source (first light 
source, illumination portion); 12B light source (second light source, 
illumination portion); 16 ultraviolet-infrared transmitting filter; 17 
photosensor; 17 A, 17B photosensors; 18 condenser lens (ultraviolet 
5 removing filter); 20 light source control processing portion (illumination 

portion); 21 memory portion; 22 discrimination processing portion; 30 
inspection device; 31 sensor unit; 32 control unit; 35 visible light 
transmitting filter (optical filter); 36 infrared transmitting filter (optical 
filter); 37 light source control processing portion (illumination portion); 
10 38 memory portion; 39 discrimination processing portion. 

Best Mode for Carrying out the Invention 

[00 18] A preferred embodiment of the inspection device according 
to the present invention will be described below in detail with reference 
to the drawings. 

15 [0019] Fig. 1 is a configuration diagram showing the first 

embodiment of an inspection device according to the present invention. 
As shown in the drawing, the inspection device 1 of the present 
embodiment is an apparatus for carrying out the authenticity 
determination and the denomination determination of banknote 3 

20 passing on a conveyance path 2, and is incorporated, for example, in a 

banknote counter. The banknote 3 contains infrared ink to reflect 
infrared light (IR light), and fluorescent ink to generate fluorescence 
with reception of ultraviolet light (UV light), as characteristic patterns 
for security effective as countermeasures against forgery. 

25 [0020] The conveyance path 2 includes an upper conveyance 

guide plate 4 with an aperture 4a, and a lower conveyance guide plate 5. 
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In order to convey the banknote 3 smoothly, a clearance of about 2-3 
mm is provided between the upper conveyance guide plate 4 and the 
lower conveyance guide plate 5. A plurality of conveyance rollers 6 
for conveying the banknote 3 in a direction of an arrow are disposed 
5 midway of the conveyance path 2. 

[0021] The inspection device 1 has a sensor unit 7 disposed above 
Hie upper conveyance guide plate 4, and a control unit 8 connected to 
this sensor unit 7 . The sensor unit 7 has a housing 9 of approximately 
rectangular parallelepiped shape, and a partition 1 0 extending along the 

1 0 direction of height is provided in this housing 9. 

[0022] Two light sources 12A, 12B for emitting light onto the 
surface of the banknote 3 conveyed on the conveyance path 2 are 
accommodated, as shown in Fig. 2, in one space 11a of the housing 9 
formed by partition 10. The light source 12A is an ultraviolet LED for 

15 generating light containing an ultraviolet component (in the band of 

about 200-400 ran), and the light source 12B is an infrared LED for 
generating light containing an infrared component (in die band of about 
780-1400 nm). The light sources 12A, 12B are arranged alongside so 
as to emit light toward a substantially identical location on the banknote 

20 3 and are fixed to a printed circuit board 13 provided on an upper 

surface portion of the housing 9. 

[0023] Monitor photosensors 14 A, 14B, which monitor the 
quantity of light emitted from the light sources 12A, 12B, are mounted 
on the printed circuit board 13. The photosensors 14 A, 14B are light- 
25 receiving and detecting elements, for example, such as photodiodes or 

phototransistors. 

10 



[0024] A dustproof glass plate 1 5 is fixed to the lower portion of 
this housing 9. The dustproof glass plate 1 5 is made of a material with 
an extremely high transmittance for ultraviolet light and infrared light. 
The lower surface portion of the dustproof glass plate 1 5 is fixed to the 
aperture 4a of the conveyance path 2. 

[0025] An ultraviolet-infrared transmitting filter 16 is disposed 
between the dustproof glass plate 15 and the light sources 12A, 12B, 
The ultraviolet-infrared transmitting filter 16 is an optical filter that 
removes the visible light component (in the band of about 380 to 780 
nm) contained in the light emitted from the light source 12A and that 
transmits the infrared light emitted from the light source 12B. When 
the apparatus is provided with such ultraviolet-infrared transmitting 
filter 16, the apparatus is able to prevent the visible light component 
from being reflected on the surface of the banknote 3 and becoming 
unwanted noise. 

[0026] A photosensor 17 for detection, which receives light 
generated from the surface of the banknote 3 upon irradiation of the 
surface of the banknote 3 with the light from the light sources 12A, 
12B, is accommodated in the other space lib of the housing 9 created 
by the partition 10. The photosensor 17 is a light-receiving and 
detecting element, for example, such as a photodiode or a 
phototransistor, and is fixed to the printed circuit board 13. 
[0027] A condenser lens 18 having an ultraviolet removing filter 
function for removing ultraviolet light is disposed between the 
dustproof glass plate 15 and the photosensor 17. In this configuration, 
the light emitted from the surface of the banknote 3 passes through the 
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condenser lens 18 to enter the photosensor 17. At this time, the 
ultraviolet removing filter function of the condenser lens 1 8 prevents the 
photosensor 17 from receiving the ultraviolet light emitted from the 

light source 12 A, as noise. 
5 [0028] An electronic circuit component (not shown) and a 

connector 19 for connection to outside are mounted, in addition to the 
light sources 12A, 12B, photosensor 17, etc., on the printed circuit 
board 13. The aforementioned control unit 8 is connected through an 
electric cable to the connector 19 for connection to outside. 

10 [0029] The control unit 8, as shown in Fig. 3, has a light source 

control processing portion 20, a memory portion 21, and a 
discrimination processing portion 22 (discriminating means). The 
light sources 12 A, 12B and the light source control processing portion 
20 constitute an illumination portion (illuminating means) for 

1 5 illuminating the banknote 3 . 

[0030] When a banknote arrival sensor (not shown) detects arrival 
of a banknote 3 passing on the conveyance path 2 in the area near the 
aperture 4a of the upper conveyance guide plate 4, the light source 
control processing portion 20 sends a control signal to a light source 

20 driving circuit (not shown) constituting a lighting control portion and 

mounted on the printed circuit board 13 of the sensor unit 7, to 
individually control each of the light sources 12 A, 12B. At this time, 
the light source control processing portion 20 performs such control as 
to light the light sources 12A, 12B while individually switching them at 

25 high speed, as shown in Fig. 4. The lighting switch period of the light 

sources 12 A, 12B is, for example, approximately 1-10 ms. 



[0031] Reference data for discrimination of banknote is 
preliminarily stored in the memory portion 21. The reference data to 
be used is a ratio of output value (detected value) Pi from the 
photosensor 17 obtained by receiving light upon irradiation with the 
5 light from the light source 12A and output value P 2 from the 

photosensor 17 obtained by receiving light upon irradiation with the 
light from the light source 12B (hereinafter referred to as an output ratio 
of photosensor 17), for a plurality of inspection regions in the 
longitudinal direction of banknote 3 . The reference data of the output 

10 ratio of photosensor 17 is obtained from detected values P,, P 2 of 

photosensor 17 obtained by sequentially receiving light upon switched 
lighting of the light sources 12 A, 12B as described above with a real 
banknote 3 being conveyed on the conveyance path 2. Since the 
lighting of the light sources 12 A, 12B is switched at high speed, the 

15 detected values Pi, P 2 of photosensor 17 upon irradiation with the light 

from the light sources 12 A, 12B are values obtained by reception of 
light substantially within an identical period of time. 
[0032] At this time, the quantity of light from the light source 
(infrared LED) 12B is so set that an output value (output voltage) of 

20 photosensor 17 upon irradiation on a non-printed region in the banknote 

3 becomes a voltage (e.g., 4 V) close to an output saturation level of 
photosensor 17. Furthermore, the quantity of light from the light 
source (ultraviolet LED) 12A is so set that an output voltage of 
photosensor 17 upon irradiation on a non-printed region in the banknote 

25 3 becomes a voltage (e.g., 1 V) close to a low level of photosensor 17. 

[0033] The discrimination processing portion 22 imports detection 

13 



signals (output signals) from photosensor 17, performs a predetermined 
operation, and (Hscriminates the banknote 3 with the use of the reference 
data for discrimination of banknote stored in the memory portion 21. 
The detailed processing procedure of this discrimination processing 
5 portion 22 is shown in Fig. 5. 

[0034] As shown in the drawing, the light sources 12A, 12B are 
first lighted in order to illuminate the banknote 3 under conveyance with 
light, and the discrimination processing portion 22 imports each of two 
detection signals from photosensor 17 obtained by receiving light upon 

10 irradiation of the banknote 3 with the light (step 101). Since the 

lighting of the light sources 12 A, 12B is switched at high speed by the 
light source control processing portion 20 as described above, the two 
detection signals from photosensor 1 7 corresponding to the light sources 
12 A, 12B are signals obtained by receiving the light substantially within 

15 an identical period of time. 

[0035] Subsequently, the discrimination processing portion 22 
calculates the output ratio of photosensor 17 from the detected values 
Pi, P2 of photosensor 17 at this timing (step 102). Then the 
discrimination processing portion 22 stores the output ratio of 

20 photosensor 17 thus calculated, into the memory portion 21 (step 103). 

[0036] Subsequently, the discrimination processing portion 22 
determines whether the output ratio of photosensor 17 has been 
calculated for all the inspection regions of one banknote 3 (step 104). 
When the output ratio of photosensor 17 is not calculated for all the 

25 regions, the above steps 101 to 103 are repeated. On the other hand, 

when the output ratio of photosensor 1 7 is calculated for all the regions, 
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the discrimination processing portion 22 reads all the calculated data of 
output ratios of photosensor 17 and the reference data out of the 
memory portion 2 1 and compares and collates each calculated data with 
the reference data to determine the authenticity and denomination of the 
5 banknote 3 (step 105). 

[0037] Fig. 6 shows modeled diagrams of output value data of 
photosensor 17 obtained by receiving light upon irradiation of banknote 
3 with switched lighting of the light sources 12A, 12B, and output ratio 
data of photosensor 1 7 calculated from the output value data. 

10 [0038] Fig. 6 (a) shows the output value data of photosensor 17 

with the banknote 3 being conveyed on the conveyance path 2. 
Triangle marks in Fig. 6 (b) indicate only the output values P 2 of 
photosensor 17 obtained by receiving light upon irradiation of the 
banknote 3 with the infrared light from the light source 12B, out of the 

15 output value data shown in Fig. 6 (a). Triangle marks in Fig. 6 (c) 

indicate only the output values Pi of photosensor 17 obtained by 
receiving light upon irradiation of the banknote 3 with the ultraviolet 
light from the light source 12 A, out of the output value data shown in 
Fig. 6 (a). Black circle marks in Figs. 6 (b) and (c) indicate the output 

20 value data of photosensor 17 in the case where the banknote 3 is 

assumed not to undergo vertical motion (conveyance fluttering), for 
reference. However , there is the predetermined clearance provided 
between the upper conveyance guide plate 4 and the lower conveyance 
guide plate 5 forming the conveyance path 2, as described above, and 

25 therefore the banknote 3 often undergoes vertical motion (conveyance 

fluttering) during practical conveyance of banknote 3. In this case, the 
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output values of photosensor 1 7 vary, as indicated by the triangle marks 
in Fig. 6 (b) and (c). 

[0039] Part X in Fig. 6 (b) is a characteristic portion upon 
irradiation of the banknote 3 with the infrared light from the light source 
12B. When the infrared light impinges upon the infrared ink which is 
one of characteristic patterns given to the banknote 3, the infrared light 
is reflected on the infrared ink, so as to change the output value of 
photosensor 1 7 . The output value of photosensor 1 7 becomes lower in 
part X of this feature than in the other part. Part Y in Fig. 6 (c) 
represents characteristic portions upon irradiation of the banknote 3 
with the ultraviolet light from the light source 12 A. When the 
ultraviolet light impinges upon the fluorescent ink being another 
characteristic pattern given to the banknote 3, the fluorescent ink 
generates fluorescence, so as to change the output value of photosensor 
17. The output value of photosensor 17 becomes higher in part Y of 
this feature than in the other part. 

[0040] Fig. 6 (d) shows data of the output ratio (P 2 /Pi) of 
photosensor 17 obtained from adjacent output values P], P 2 of 
photosensor 17 shown in Fig. 6 (a). The adjacent output values P], P 2 
of photosensor 17 are values obtained by detecting light from the same 
inspection region of banknote 3 substantially within the same period of 
time. Namely, the adjacent output values Pi, P 2 of photosensor 17 are 
values obtained when the banknote 3 is located approximately at the 
same conveyance height position. The output ratio of photosensor 1 7 
obtained at that time is always almost constant, irrespective of the 
conveyance height position of banknote 3. Therefore, there is little 
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variation in the output ratio of photosensor 17, even with variation in 
the output of photosensor 1 7 due to the conveyance fluttering of the 
banknote 3 . 

[0041] In the present embodiment, as described above, the 
5 banknote 3 is alternately irradiated with the light beams from the two 

types of light sources 12A, 12B, and the discrimination of banknote 3 is 
carried out by retrieving the two output signals from photosensor 17 
obtained by receiving light generated from the banknote 3 at that time, 
calculating the output ratio of photosensor 17 from the output signals, 

10 and comparing and collating the output ratio with the reference data; 

therefore, even in the case where the banknote 3 is provided with two 
types of characteristic patterns for security, the inspection device is able 
to accurately determine the presence/absence, positions, levels, etc. of 
such characteristic patterns. The apparatus is also able to determine a 

1 5 difference in quality of paper of banknote 3 or the like, in addition to the 

characteristic patterns. Furthermore, since the discrimination of 
banknote 3 is canied out using the output ratio of photosensor 17, the 
discrimination can be performed without being affected by conveyance 
fluttering of banknote 3. For this reason, it is also feasible, for 

20 example, to highly accurately perform discrimination of banknote 3 

with a low-contrast printed pattern or the like. Since the above 
improves the accuracy of recognition of banknote 3, it is also feasible to 
perform secure determination on the authenticity or the like of 
counterfeit banknotes produced with recently accuracy-enhanced 

25 copiers or the like. 

[0042] Though only one photosensor 17 is used, the switched 
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lighting of the two light sources 12 A, 12B permits the photosensor 17 to 
receive the light generated from the banknote 3 upon irradiation of 
banknote 3 with ultraviolet light and the light generated from the 
banknote 3 upon irradiation of banknote 3 with infrared light, 
substantially within the same period of time. For this reason, it 
becomes feasible to minimize the number of parts. 
[0043] Fig. 7 is a configuration diagram showing the second 
embodiment of an inspection device according to the present invention. 
Identical or equivalent members in the drawing will be denoted by the 
same reference symbols as those in the first embodiment, without 
redundant description thereof. 

[0044] The inspection device 30 of the present embodiment has a 
sensor unit 31 and a control unit 32, in place of the sensor unit 7 and 
control unit 8 in the first embodiment. Two photosensors 17 A, 17B 
are accommodated alongside, as shown in Figs. 8 and 9 ? in the space 
1 lb of housing 9 in the sensor unit 3 1 . The photosensor 17A is located 
so as to receive light generated from banknote 3 upon irradiation of 
banknote 3 with the ultraviolet light from the light source 12 A, and the 
photosensor 17B is located so as to receive light generated from 
banknote 3 upon irradiation of banknote 3 with the infrared light from 
the light source 12B. 

[0045] A partition 33, which extends in the direction of height 
from the printed circuit board 13 to the condenser lens 18, is provided in 
the space lib of housing 9. The photosensors 17 A, 17B are arranged 
with the partition 33 in between. A partition 34 is provided 
corresponding to the partition 33 and between the light sources 12 A, 
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12B, in the space 11a of housing 9. 

[0046] A visible light transmitting filter 35 is situated between the 
photosensor 17A and the condenser lens 18. This visible light 
transmitting filter 35 is an optical filter that transmits fluorescence 
(visible light) generated in the banknote 3 upon irradiation of banknote 
3 with the ultraviolet light from the light source 12A and that removes 
infrared light reflected on the banknote 3 upon irradiation of banknote 3 
with the infrared light from the light source 12B. An infrared 
transmitting filter 36 is situated between the photosensor 17B and the 
condenser lens 18. This infrared transmitting filter 36 is an optical 
filter that transmits the infrared light reflected on the banknote 3 upon 
irradiation of the banknote 3 with the infrared light from the light source 
12B and that removes the fluorescence generated in the banknote 3 
upon irradiation of banknote 3 with the ultraviolet light from the light 
source 12A, and reflected light of the ultraviolet light. When the 
apparatus is provided with such visible light transmitting filter 35 and 
infrared transmitting filter 36, it is feasible to securely suppress 
crosstalk of light for the photosensors 17 A, 17B. 

[0047] The control unit 32, as shown in Fig. 10, has a light source 
control processing portion 37 (an element constituting an illumination 
portion), a memory portion 38, and a discrimination processing portion 
39 (discriminating means). When a banknote arrival sensor (not 
shown) detects arrival of a banknote 3 passing on the conveyance path 
2, at the area near the aperture 4a of the upper conveyance guide plate 4, 
the light source control processing portion 37 controls a light source 
driving circuit (not shown) constituting a lighting control portion, so as 
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to keep the light sources 12 A, 12B lighted for a predetermined duration, 
as shown in Fig. 1 1 . 

[0048] The reference data for discrimination of banknote is 
preliminarily stored in the memory portion 38. The reference data to 
be used is a ratio of output value Pi of photosensor 17A obtained by 
receiving light upon irradiation with the light from the light source 12A 
and output value P 2 of photosensor 17B obtained by receiving light 
upon irradiation , with the light from the light source 12B (hereinafter 
referred to as an output ratio of photosensors 17 A, 17B), for a plurality 
of inspection regions in the longitudinal direction of banknote 3. The 
reference data of the output ratio of photosensors 1 7 A, 1 7B is obtained 
from output values of photosensors 17 A, 17B obtained by conveying a 
real banknote 3 on the conveyance path 2 and simultaneously receiving 
light during the simultaneous lighting of the light sources 12A, 12B. 
[0049] The discrimination processing portion 39 imports the 
output signals from the photosensors 17 A, 17B, performs a 
predetermined operation, and discriminates the banknote 3 with the use 
of the reference data for discrimination of banknote stored in the 
memory portion 38. The detailed processing procedure of the 
discrimination processing portion 39 is shown in Fig. 12. 
[0050] As shown in the drawing, the light sources 12 A, 12B are 
first simultaneously lighted to illuminate the banknote 3 under 
conveyance with light, and the discrimination processing portion 39 
imports detection signals of photosensors 17 A, 17B obtained by 
receiving light at the same timing upon the irradiation (step 111). 
Subsequently, the discrimination processing portion 39 calculates the 
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output ratio of photosensors 17A, 17B from the detected value Pi of 
photosensor 17A and the detected value P 2 of photosensor 17B at this 
time (step 112), and stores it into the memory portion 38 (step 113). 
Subsequently, the discrimination processing portion 39 determines 
5 whether the output ratio of photosensors 17 A, 17B has been calculated 

for all the inspection regions of one banknote 3 (step 114). When the 
output ratio of photosensors 17A ; I7B is calculated for all the inspection 
regions, the discrimination processing portion 39 compares and collates 
each calculated data with the reference data to determine the 

10 authenticity and denomination of banknote 3 (step 115). 

[0051] In the present embodiment, as described above, the output 
ratio of photosensors 17 A, 17B is determined from the output values of 
photosensors 17 A, 17B obtained by receiving light at the same timing 
during the simultaneous lighting of the light sources 12 A, 12B, and the 

15 banknote 3 is discriminated using it. Therefore, as in the case of the 

first embodiment, the apparatus is able to correctly determine the two 
types of characteristic patterns for security or the like given to the 
banknote 3 and to perform the discrimination without being affected by 
the conveyance fluttering of banknote 3 or the like. This improves the 

20 accuracy of recognition of banknote 3 and enables the apparatus to 

adequately discriminate high-accuracy counterfeit banknotes. 
[0052] Since the apparatus is configured to use the two 
photosensors 17 A, 17B and to keep the light sources 12 A, 12B 
simultaneously lighted for the predetermined duration, it is feasible to 

25 reduce influence of noise occurring upon lighting of the light sources 

12 A, 12B and to stabilize the amount of emission of light from the light 
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sources 12A, 12B. It is also feasible to simplify control of lighting of 
the light sources 12 A, 12B. 

[0053] Fig. 13 (a) shows an example of output data of photosensor 
1 7B upon actual irradiation of banknote 3 with the infrared light from 
5 the light source 12B, and Fig. 13 (b) shows an example of output data of 

photosensor 17A upon actual irradiation of banknote 3 with the 
ultraviolet light from the light source 12A. Fig. 13 (c) shows data of 
the output ratio of photosensors 1 7 A, 1 7B obtained from the output data 
of the photosensors 17 A, 17B shown in Fig. 13 (a) and (b). By using 
10 such output ratio data of photosensors 17 A, 17B, it becomes feasible to 

achieve the differentiation process with little influence of conveyance 
fluttering of banknote 3 . 

[0054] The present invention is by no means limited to the above 
embodiments. For example, the above embodiments used the output 

15 ratio data of the photosensor(s) to perform the discrimination of 

banknote 3, but it is also possible to use any combined data from the 
output signals of the photosensor(s) obtained by receiving light within 
the same period of time upon irradiation of banknote 3 with the light 
from the light sources 12A, 12B, e.g., output difference data of the 

20 photosensors) or the like. In this case, the characteristic patterns or 

the like provided on the banknote 3 can also be accurately determined 
by comparing and collating the combined data obtained, with the 
reference data, so that the accuracy of recognition of banknote 3 can be 
improved. 

25 [0055] The above embodiments used the two light sources 12A, 

12B for emitting the light beams in different wavelength bands, but the 




present invention does not have to be limited particularly to this 
example, and may be applied to use of three or more light sources. For 
example, where visible light is used as a light source, it becomes 
feasible to collect data of details of a banknote according to the light 
5 source to be used. 

[0056] Fig. 14 is a drawing showing an embodiment in which a 
green LED as a third light source is incorporated in the sensor unit of 
the inspection device, in addition to the aforementioned ultraviolet LED 
and infrared LED as light sources. 

10 [0057] The sensor unit 57 shown in Fig. 14 has a configuration 

similar to the sensor unit 7 shown in Figs. 1 and 2, and can be 
incorporated instead of the sensor unit 7 in the inspection device 1. 
The sensor unit 57 has a housing 59 of approximately rectangular 
parallelepiped shape and a partition 60 extending in the direction of 

1 5 height of the inspection device is provided in the housing 59. 

[0058] The three light sources 62 A, 62B, 62C are accommodated 
in one space 61a of the housing 57 formed by the partition 60. The 
light source 62A is an ultraviolet LED for generating light containing 
the ultraviolet component, the light source 62B is an infrared LED for 

20 generating light containing the infrared component, and the light source 

62C is a green LED for generating green light. Monitor photosensors 
64 A, 64B, and 64C, which monitor the quantity of light emitted from 
the light sources 62A, 62B, 62C, are mounted on a printed circuit board 
(not shown) provided on the upper surface portion of the housing 57. 

25 In order to prevent light from being reflected on the surface of the 

banknote and becoming unwanted noise, an optical filter 66 capable of 
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removing an unwanted light component is disposed on the lower surface 
portion of the housing 57. 

[0059] A photosensor 67 for detection and an optical filter 68 are 
accommodated in the other space 61b of the housing 57 formed by the 
partition 60. The photosensor 67 receives light generated from the 
surface of the banknote upon irradiation of the surface of the banknote 
with the light from the light sources 62A, 62B, 62C, and is fixed on the 
aforementioned printed circuit board (not shown). The optical filter 68 
is a filter for removing an unwanted light component for the 
photosensor 67 among the light generated from the surface of the 
banknote. 

[0060] It is noted that the optical filters 66, 68 are not particularly 
essential components in the sensor unit 57. 

[0061] The sensor unit 57 shown in Fig. 7 has the configuration 
similar to the sensor unit 7 in the first embodiment shown in Fig. 2, 
except that the sensor unit 57 has the light source 62C of the green LED 
and the monitor photosensor 64C for monitoring the quantity of light 
emitted from the light source 62C and is different in the functions of the 
filters 16, 18. For this reason, when the light source processing portion 
20 of the control unit 8 shown in Fig. 3 is arranged to perform the 
processing corresponding to the light source 62C, the inspection device 
is able to determine the authenticity and denomination of banknote 3 
passing on the conveyance path 2, as the inspection device of the first 
embodiment was. 

[0062] As described above, when the green LED is used as the 
third light source, the output data from the photosensor upon irradiation 
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with the green light is also added to the determination of the banknote. 
Accordingly, it becomes feasible to perform more accurate recognition 
of the banknote. The green LED provides high contrast for each of 
colors of printed patterns on banknotes among the visible light and is 
relatively inexpensive and high in luminance among short-wavelength 
LEDs; therefore, it is suitable for the third light source. 
[0063] The sensor unit provided with the three light sources like 
the sensor unit 57 may be modified in a configuration wherein three 
photosensors are provided and separated by partitions between them so 
as to separately receive respective lights generated from the surface of 
the banknote, like the sensor unit 31 of the inspection device 30 of the 
second embodiment (see Figs. 7, 8, and 9). 

[0064] The above embodiments used the plurality of light sources, 
but it is also possible to use one light source for emitting light 
containing a plurality of wavelength bands, such as a white light source, 
as a light source. 

[0065] Furthermore, the above embodiments were directed to 
inspection of banknotes, but the inspection device of the present 
invention is not limited particularly to the banknotes, and is also 
applicable to inspection objects such as chits, stock certificates, and 
cards. 

Industrial Applicability 

[0066] The present invention enables accurate recognition of the 
authenticity or the like of an object passing on the conveyance path. 
This makes it feasible to adequately discriminate highly accurately 
forged objects. 
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